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PREFACE

Since inception of the first ISMC in 2006, this series of symposia are organized biennially by Chemistry
Division, BARC and Society for Materials Chemistry. The earlier symposia, erstwhile “International
Symposium on Materials Chemistry (ISMC)” of this series were organized in December of 2006, 2008,
2010 and 2012. The legacy and rich traditions of this biennial scientific event are reflected in the DAE-
BRNS 5th Interdisciplinary Symposium on Materials Chemistry (ISMC-2014) being organized during 9-13
December, 2014. An overwhelming response from materials chemistry community from India and abroad
is a manifestation of ever growing interest in materials chemistry research. The ISMC provides a common
platform to scientists working on different aspects of materials chemistry to share their innovative ideas
in materials chemistry and evolve new collaborative programs. The primary objective of ISMC has been
to cover contemporary and emerging research areas in Materials Chemistry with an obvious bias towards
materials for energy, environment and health. The 5th ISMC-2104 intends to focus on research areas in
materials chemistry which include: nuclear materials; high purity materials; nanomaterials and clusters;
carbon based materials; fuel cell materials and other electro-ceramics; biomaterials; polymers and soft
condensed matter; materials for energy conversion; thin films and surface chemistry; magnetic materials;
catalysis; chemical sensors; organic and organometallic compounds; computational material chemistry.

The ISMC series of symposium are regarded as highly successful by international peers and reviewers.
The deliberation of the five days ISMC-2014 will comprise of about 35 invited lectures, 8 short lectures
and about 400 posters by researchers from India and abroad. The Royal Society of Chemistry, UK has
been consented to publish invited lectures after peer review process in web version of Journal of Materials
Chemistry- A/B/ C.

Chemistry Division is one of the oldest Divisions which came into being at the early stages of the
Indian Atomic Energy programme. Since its inception, the Division has served to nucleate research and
development activities relevant to the programmes of atomic energy. As several of these programmes
blossomed with time, the Division underwent re-organizational changes from time to time. Chemistry
Division has six sections, viz., Synthesis & Pure Materials Section (SPMS), Fuel Cell Materials & Catalysis
Section (FCMCS), Solid State Chemistry Section (SSCS), Structural Chemistry Section (SCS), Thermal &
Interfacial Section (TICS) and Materials Chemistry Section (MCS). The research output of the Division is
manifested in terms of developing know-how for various products and solutions to chemical problems
relevant to our programmes. Divisional current research activities encompasses broad areas like: hydrogen
energy: generation, storage and mitigation; catalysis; high purity materials; fuel cell materials; chemistry of
nano-materials and composites; cluster chemistry; organometallic chemistry; nuclear materials; functional
materials.

With active involvement and interest of scientists working in materials chemistry, the Society of
Materials Chemistry (SMC) was formed in 2007 with Chemistry Division, BARC as its head quarter. The
Society has grown since its inception both in stature and popularity as is evident from considerable increase
of life membership from 114 in April 2009 to around 800 now. Besides ISMCs, Society also organizes
national workshops every odd year and special lectures on emerging subject areas by eminent scientists.
Society publishes 3 thematic issues of SMC Bulletins per year.

For a scientific event of this nature the organizing committee received help, cooperation, support,
guidance and encouragement from different quarters and we are indebted to all of them. Organizing
Committee is grateful to Board of Research in Nuclear Sciences (BRNS) for financial assistance. The
organizing committee sincerely expresses their thanks to BARC authorities for giving consent to organize
the 5th ISMC 2014, Patrons for their encouragement, National advisory committee for their invaluable
suggestions, Session chairpersons, invited speakers, reviewers for assessment of abstracts and to the
members of the Symposium organizing committees for their untiring efforts. We thank all the faculty
members, research scholars and students for participation in ISMC-2014.Sustained support and cooperation
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extended by scientific, technical and other staff members of Chemistry Division in organizing the ISMC-
2104 is gratefully acknowledged.

The organizing committee wishes all the participants a pleasant and comfortable stay in Mumbai and
scientifically rewarding experience.

Symposium Organising Committee
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EDITORIAL

This symposium, the fifth in series of DAE-BRNS Symposia on Materials Chemistry, has
covered almost all the contemporary research areas of materials chemistry like materials for energy
conversion, biomaterials, carbon based materials, chemical sensors, fuel cell materialsand other
electro-ceramics, polymers and soft condensed matters, thin films and surface chemistry, organic
and organometallics, high purity materials, nanomaterials and clusters to acquaint ourselves with
the advancement made in these emerging areas. Topics like nuclear materials, magnetic materials,
catalysis and computational materials chemistry continue to be important facet of ISMC series of
symposia. Several eminent material scientists from India and abroad have accepted our invitations
to share their proficiency with the participants of ISMC-2014.

The over whelming response towards contributory abstracts from the universities and
research institutions from India has been really heartening though it has made the reviewing
process a bit more strenuous. We place on record our sincere thanks to all the reviewers drawn
from the scientific community in BARC for their dedicated efforts in evaluating the large number
of abstracts in timely manner. The peer reviewed abstracts have been suitably organized under
fourteen categories reflecting the depth and scope of respective research areas. During compilation
of the proceedings, the editorial team took the liberty to edit some of the abstracts mainly to keep
uniformity in the formatting. While doing so, utmost care was taken to retain all the scientific
content intact as provided by the authors.

We are grateful to all the Patrons and the members of the National Advisory Committee of
ISMC-2014 for their valuable guidance and suggestions.The guidance, support and encouragement
received from Dr. B.N. Jagatap, Director, Chemistry Group and Chairman, Symposium Organizing
Committee, ISMC-2014 and other members of the Symposium Organizing Committee during
the entire process of publication of this volume have been really gratifying and are sincerely
acknowledged. It is our pleasure to thank the staff members of Chemistry Division and Chemistry
Group for their unstinted support.

The Board of Research in Nuclear Sciences (BRNS) has been instrumental in the publication
of this volume by their financial support and we gratefully acknowledge the same.

Editors
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Dr. Shailesh Nayak

Secretary Government of India

Ministry of Earth Sciences
Govt. of India

Marine bioinvasion caused by the ballast water discharges with exotic organisms
affecting the endemic biodiversity is alarming due to the increasing volume of seaborne
trade across the geographical areas. The International Maritime Organization has adopted
the new guidelines in the Ballast Water Management Convention (2004) for the control
and management of ships and requested its Member States to minimize the transfer of
invasive aquatic species. An estimated 68,000 merchant vessels need to meet the
mandatory requirement of Ballast Water Treatment by 2020 which includes 1,029 ships
registered in India.

The Earth System Sciences Organization-National Institute of Ocean Technology (ESSO-
NIOT), Chennai, under the Ministry of Earth Sciences, is taking pioneering attempts for
the effective mitigation of marine bio-fouling through research as well as ballast water
management in the country. The ESSO-NIOT is in the process of developing a shore based
test facility for the ballast water treatment technology to test and validate Ballast Water
Treatment Systems (BWTS), after successful lab based testing facility, as requested by the
Ministry of Shipping, Govt. of India.

As part of the global initiatives, to mitigate the problems associated with bio-fouling and
invasive species, there is a need for a comprehensive holistic plan to preserve the endemic
marine floral and faunal diversity of the country by adopting the recent technological
innovations. With this objective, the ESSO-NIOT is organizing an International
Conference on “Advanced Technologies for Management of Ballast water and
Biofouling” (MABB 2014) with the motto of Combat Bioinvasion! Conserve
Biodiversity!.

I am confident that the delegates at the conference would share their expertise and take
stock of the technological advancements in the fields of biofouling and bioinvasion to
adopt a novel strategic action plan to protect the world oceans for the mankind.

I extend my warm greetings and compliments to the participants and my fellow colleagues
of the ESSO-NIOT, partner institutions and wish the conference all success.

(Shailesh Nayak)
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K. VijayRaghavan GOVERNMENT OF INDIA

|

MINISTRY OF SCIENCE & TECHNOLOGY
DEPARTMENT OF BIOTECHNOLOGY
Block-2, 7th Floor C.G.O. Complex

A .

Lodi Road, New Delhi-110003

Eversince the introduction ol steel hulled vessels a century ago water has been used as the
proven ballast to stabilize them. While ballast is considered essential for safe shipping
operations, invasive aquatic species that comes along with ballast water are considered as a
major threat to the healthy oceans. Preventive measures towards the entry of alien and harmful
species into the ecosystem are most important to protect the endemic marine biodiversity of any
geographical zone,

India, being the member state of the International Maritime Organization’s Ballast Water
Management Convention, is much inquisitive in implementing the guidelines for the control and
management of ship’s ballast water to minimize the transfer of harmful aquatic organisms and
pathogens. Every institution in the field of biofouling research is in the process of discovering
environment friendly anti fouling compounds from natural sources to overcome the recent ban
imposed on organotin-based marinecoatings and to meet the urgent need for green anti-fouling
products in the maritime countries such as India.

At this juncture, I am delighted to hear that the National Institute of Ocean Technology along
with the Bhaba Atomic Research Centre is organizing an International conference on “Advanced
Technologies for Management of Ballast Water and Biofouling” supported by the Ministry of
Earth Sciences and the International Biodeterioration and Biodegradation Society. UK.

I am confident that the scheduled delegations during the 3 days of the conference would help the
Nation to build its plan for the future ballast water management initiatives and 1 wish the

conference a grand success.

(K. VijayRaghavan)

Tele: 24362950/24362881 Fax: 011-24360747 E-mail: vijay.dbt@nic.in
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MESSAGE

| am very happy to know that Earth System Sciences Organisation —
National Institute of Ocean Technology (ESSO-NIOT) is conducting an
International Conference on Advanced Technologies for Management of Ballast
Water and Biofouling (MABB 2014).The theme of the conference is of topical
interest since management of ballast water in ships is a cause of major concern
for the maritime nations of the world. India, with its numerous ports and
flourishing maritime activities, is at high risk of bicinvasion via ballast water and,
therefore, development of a management strategy is the need of the hour. The
international Maritime Organisation (IMO) has already initiated preventive
measures for management and prevention of ballast water related bioinvasion.
Likewise, biofouling is a common operational problem faced by ships, cooling
water system of power plants, moored oceanographic instruments and similar
such structures in aquatic environment. Addressing this issue with advanced
methods and technologies for marine applications which are eco-friendly in
nature is very much required. The conference: would be an unprecedented event
for interaction with the scientists and experts across the world to know the latest
research innovations in the field of Ballast Water Management and Biofouling.
The sessions and plenary planned for the conference are well-timed and
meticulous.

| am sure that MABB 2014 will certainly add to the country’s vision of
building an effective and competent source of ballast water management and
biofouling control for the current and future industrial requirements. | extend my
best wishes and greetings to ESSO-NIOT for organising such an industry-
oriented and inspiring fest that exudes magnificence. When Technology merges
with Science, wonderful Solutions are born. To my knowledge, ESSO-National
Institute of Ocean Technology(ESSO-NIOT) is a world-class institute for
development of ocean-technology in India and the Ministry of Shipping is proud
of ESSO-NIOT for taking up this huge responsibility. | wish for its grand
success.

Al
(Dr. Vishwapati Trivedi)




FOREWORD

Ballast water and Biofouling are two important aspects concerning the maritime
nations. In the marine realm, most of the bioinvasions have been attributed to
ballast water used to stabilize ocean-going vessels. Marine discharge of ballast
water causes spread of viruses, bacteria, microbes, small invertebrates, eggs, cysts
and larvae of various species to new habitats. The tremendous and continuing
increase in the volume of seaborne trade has increased the threat to marine
biodiversity and the effects in many areas of the world have been devastating.
Biofouling is an impediment in all maritime activities that involve exposure of
materials to seawater. Ship-borne fouling has also been known to contribute to

bioinvasion.

The Earth System Sciences Organisation — National Institute of Ocean
Technology (ESSO-NIOT) has initiated research and development for ballast
water management as well as eco-friendly measures of biofouling control. The
Ballast Water Treatment Technology Test Facility being set up by the institute will
be one of its kind in the country and the second in tropical region.

The International Conference on Advanced Technologies for Management of
Ballast Water and Biofouling (MABB 2014) being organised by (ESSO-NIOT),
Chennai from 4 —7 March, 2014 would address the two specific but closely related
issues of ballast water and biofouling by providing a meeting ground for
researchers, users and policy makers in the areas of Ballast Water Management
(BWM), marine bioinvasion, biofilm and biofouling control to discuss the latest
trends. It would also be an excellent forum for new business ideas and professional
development.

I extend a hearty welcome to all the delegates visiting ESSO-NIOT on this
occasion. [ wish all the very best for the grand success of MABB 2014.

Dr. M. A. ATMANAND
Director, ESSO-NIOT, Chennai




PREFACE

The spread of invasive species is one of the greatest threats to many ecosystems in
the world. In the marine realm, most of the bioinvasions have been attributed to
ballast water used to stabilize ocean-going vessels.Marine discharge of ballast
water causes spread ofviruses, bacteria, microbes, small invertebrates, eggs, cysts
and larvae of various species to new habitats. The tremendous and continuing
increase in the volume of seaborne trade has increased the threat to marine
biodiversity and the effects in many areas of the world have been devastating,
Considering the gravity of the impact of ballast water in spreading bioinvasion,
the International Maritime Organization (IMO) has initiated preventive measures
to divest ballast water of all biological organisms that can potentially invade a new
habitat and proliferate therein.

Cooling water system of coastal power plants, moored oceanographic
instruments, ship hulls, aquaculture frameworkand similar such structures in the
marine environment face a common operational problem - biofouling. Ship-borne
fouling has also been known to contribute to bioinvasion. Biofouling is an
impediment in all maritime activities that involve exposure of materials to
seawater.

This International Conference on Advanced Technologies for Management of
Ballast Water and Biofouling (MABB 2014)is conceived to address these two
specific but closely related issues by providing a meeting ground for researchers,
users and policy makers in the areas of Ballast Water Management (BWM),
marine bioinvasion, biofilm and biofouling control to discuss the latest trends by
means of presentation of their current work. The conference promises to shed
quality insights leading to healthy debates on these topics, as well as to provide an
excellent forum for new business ideas and professional development.

The Earth System Sciences Organization - National Institute of Ocean
Technology (ESSO - NIOT), Ministry of Earth Sciences, Govt. of India, has taken
the initiative to organize this conference jointly with the Biofouling and Biofilm
Processes Section (Water and Steam Chemistry Division, WSCD) of the Bhabha
Atomic Research Centre (BARC), Kalpakkam and the International
Biodeterioration and Biodegradation Society (IBBS), UK.

R. Kirubagaran
Convener

V. P. Venugopalan
Co - Convener
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National Institute of Ocean Technology (NIOT)

The major aim of starting NIOT under the Ministry of
Earth Sciences, is to develop reliable indigenous
technology to solve the various engineering problems
associated with harvesting of non-living and living
resources in the Indian Exclusive Economic Zone (EEZ),
which is about two-thirds of the land area of India.

Mission Statement

» To develop world class technologies and their
applications for sustainable utilization of ocean
resources.

» To provide competitive, value added technical services
and solutions to organizations working in the oceans.

» To develop a knowledgebase and institutional
capabilities in India for management of ocean
resources and environment.

The institute carries out the following:

Development of technology related to the country’s
needs in the field of ocean science and technology
including deep seabed mining, ocean energy and
ocean observations systems, in consonance with ocean
policy and national priorities.

Utilizing the knowledge and experience gained
through research and development in ocean sciences
in scientific institutions within the country and
keeping in view the need to adhere to international
quality systems, cost effectiveness and preservation of
the environment.

Research and development in marine sensors, systems,
ocean acoustics and ocean electronics.

Improvement of existing indigenous technology and
adaptation of imported technology in the field of
ocean science and technology.

Technical advisory services like information,
extension, consultancy and testing in the field of ocean
science and technology.

Development of required technologies for the
management of coastal zone and islands of the
country.

Operation and maintenance of vessels to provide
support to all the activities for achieving the objectives.

Some achievements in the above areas are given below.
Energy & Fresh Water

Energy and Fresh Water programme has been focusingon
developing cost effective technologies for producing high
quality drinking water and clean energy from ocean.
Under this programme extensive research, development,
sea testing trials and implementation of wave energy
conversion and ocean thermal energy conversion
technologies have been carried out. The experience gained
led to the technologies like Low Temperature Thermal

Wave energy buoy-BBDB Ocean current turbine

during sea trail

Desalination plant (LTTD) at Kavarrati Island

Desalination (LTTD) and wave energy using fixed and
floating devices. LTTD based desalination plant was
successfully set up at Kavaratti island in Lakshadweep in
2005 and has been producing fresh water for the local
community since then. Also plants at other two islands
namely Minicoy and Agatti have been commissioned and
are running continuously. The Backward Bent Ducted

Buoy (BBDB) developed by the team, with single point
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mooring system survived the severe environmental
condition during the sea trials. The data covering a wide
range of wave climate were collected and good experience
in designing of power module was gained. Ocean current
turbine development, ocean thermal energy conversion are
part of the significant activities.

Offshore Structures

Several offshore components for various programmes like
desalination, mining, data buoys and for offshore wind
energy are being developed under this programme. The
components include anchors, moorings, submarine
pipelines and risers for floating platforms and design of
fixed structures to cater to the needs of above programmes.
These structures / components are being analysed for
environmental loads such as tides, waves, currents etc.
through laboratory and field studies. The suction pile
developed under this programme has been tested
successfully in shallow waters off Ratnagiri.

Deep Sea Technology and Ocean Mining

The group has been working on development of systems
and devices for ocean mining, since 1994. Mining concept
where a crawler based mining machine collects, crushes
and pumps nodules to the mother ship using a positive
displacement pump through a flexible riser system has
been taken up and field demonstration has been carried

Desalination plant at Agatti

Desalination plant at Minicoy

out. The crawler has been tested at 500m depth and the
insitu soil tester developed by the group has been
successfully tested at a depth of 5200 m at the nodule
mining site of Central Indian Ocean Basin (CIOB). The
artificial nodule laying system has also been tested in the
deep sea.

Deep sea mining system
Marine Sensor & Electronics

The focus of Marine Sensor Systems programme is the
development of sophisticated underwater sensor
technology for marine applications and creating
infrastructure for reducing the development time and
facilitates rapid prototyping. A facility of excellence to
provide electronic support to various activities and projects
of NIOT has been established which includes a Helium-
Leak detector, Shock and Vibration Test Facility,
Corrosion Testing Chamber, Environmental Chamber
and EMI/EMC analyzer. A Burried Object Scanning
Sonar is being developed by the group. The group has
successfully developed a light weight, 2-16kHz acoustic
subbottom profiler transmitter operable upto 30bar
pressure and tested in the sea.

Coastal and Environmental Engineering

Coastal and Environmental Engineering (CEE)
programme focuses on the coastal infrastructure
development and engineeringapplications. The group has
carried out numerous industrial projects covering wave
tranquility studies, environmental impact assessment
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studies, pollution monitoring, waste allocation and
multibeam survey. The storm surge model developed by
the group was handed over to IMD for their use. Currently
the group handles Kalpasar project which involves four
major sub-projects having intense field observations,
geophysical/geotechnical/bathymetric surveys and
numerical modeling which provides cost effective,
environment friendly engineering solutions. Geophysical
and hydrographic survey has been completed at Kalpasar
dam corridor area.

Gulf of Khambhat
Remotely Operable Submersibles and Gas Hydrates

The objective of the Submersibles & Gas Hydrates
programme is to develop technological tools for deep
ocean mineral exploration such as Poly metallic
Manganese Nodules, Gas hydrates and offshore
applications such as seabed imaging, pipeline routing,

submarine cabling, well head detections. The ROV

Remotely Operable Vehicle

developed by the team has been successfully tested at
5289m depth. The Autonomous Coring System (ACS)
jointly developed with USA has been successfully field

tested in shallow waters.
Ocean Acoustics

The Ocean Acoustics programme focuses on research and
development in underwater acoustics considering its wide-
ranging applications in the oceans. An autonomous noise
measurement system developed by the team was
successfully deployed along with a moored met-buoy and
has been operational in shallow waters off Visakhapatnam
during monsoon. Time series observations for 48 days have
been made which include extreme events. The group is
also carrying out development of vector sensor, advanced
signal processing methodologies for underwater acoustic
communication, acoustic sea bed characterization etc.

Ambient Noise measurement device

Ocean Electronics

Ocean Electronics has a mandate to develop ocean
observation systems and demonstrate for applications in
the ocean. The group is involved in the development of
Deep Ocean Bottom Pressure Recorder (DOPR) &
surface buoy data logger for Tsunami Early Warning
Systems, Glider, Autonomous Underwater Profiling
Drifter (AUPD), Drifter and technologies for data
communication using INSAT satellites. Sea trials of
indigenously developed tsunami BPR was conducted at

1900m off Chennai.

Ocean Observation Systems

Met-ocean Data buoy



The Ocean Observation Systems (OOS) programme has
the mandate to establish and maintain data Buoy network
in Indian seas for measurement of met-ocean parameters
to monitor the marine environment. Since 1996 the
moored buoy programme has been catering to the iz situ
observation requirements in the ocean and real time data
on meteorological/ocean parameters are made and
disseminated to INCOIS. 15 deep sea moored buoys
which include OMNI buoys with subsurface sensors, have
been established in Arabian Sea and Bay of Bengal.

Vessel Management Cell

The main function of Vessel Management Cell (VMC) is
the operation, maintenance and management of vessels of
the Ministry of Earth Sciences (MoES). Coastal Research
Vessel (CRV) Sagar Purvi and Sagar Paschimi, Buoy
Tender Vessel (BTV) Sagar Manjusha and Oceanographic

Sagar Nidhi ORV

Research Vessel (ORV) Sagar Nidhi are being operated.
Southern Ocean Expedition has been successfully carried
out twice by Sagar Nidhi.

Ocean Science and Technology for Islands (OSTI)

Programme is being implemented by the Earth System
Sciences Organization - National Institute of Ocean

Technology (ESSO-NIOT), a technical arm of the

Tubular Photobioreactor

Open sea cages (North Bay- Port Blair)

Ministry of Earth Sciences, Government of India, for a
balanced development of island with special emphasis on
buildingup of infrastructure and expertise in ocean science
and technology for the conservation and development of
island resources. The aim of the initiative is to develop
and transfer technology in the area of marine living
resources and to get socio-economic benefits to the coastal
fishers, the island community in particular. For the
efficient implementation and demonstration of the ocean
science and technology related programmes, OSTTI has
established a state-of-the-art laboratory in head quarter
at Chennai and a well equipped field unit Andaman and
Nicobar (A & N) Center for Ocean Science and
Technology for Islands at Port Blair for carrying out
cutting edge research in the field of marine biology,
molecular biology and biotechnology.



Ocean Science and Technology for Islands

ESSO-National Institute of Ocean Technology

(Ministry of Earth Sciences, Govt. of India)
Pallikarani, Chennai 600 100, India

Beginning with the development and transfer of
technology in lobster and crab fattening to the coastal
tishers, the OSTT is also involved in developing and
deploying Oceanic Fish Aggregating Devices (FADs) in
Lakshadweep and the A & N Islands, and emplaced over
750 Artificial reefs along Odisha coast, which greatly
benefitted many coastal fishers in augmenting their source
ofincome. The OSTT has transformed to achieve progress
in the line of developingadvanced technologies in Sea cage
farming of marine finfish, Microalgal biotechnology and
Microbial Biotechnology. Establishment of Ballast Water
Treatment Test Facility, Development of potential drugs
from the ocean, Advanced method of biofouling control,
regular monitoring of physico-chemical and biological
parameters of marine environment around Port Blair and
Wandoor Bays are also some of the important programs
handled by OSTT. Island resource information system and
Environmental Impact Assessment in the Islands are the
other services being rendered by the OSTT group for
various governmental agencies for their developmental
programmes in Andaman & Nicobar group of Islands.

Marine Algal Biotechnology

Isolation and screening of high biomass, lipid,
nutraceuticals yielding marine microalgae from Indian
waters; design, development and testing of
photobioreactors and pond based mass culture systems;
optimization of physicochemical variables, mass scale
harvesting, dewatering and extraction techniques are the
important targets under this activity. So far more than 200
marine microalgal strains isolated from the coastal and
oceanic waters of Indian main land, Andaman & Nicobar
(A & N) Islands and Lakshadweep were screened for

Continuous Flow Bubble Column Reactor

biomass, lipid and other nutraceuticals production. Three
large scale culture systems, such as Continuous Flow
Bubble Column Reactor, Tubular Photobioreactor and
Solar Powered Paddle Wheel Operated Raceway System
were designed, developed, tested and standardised in
outdoor using three high lipid yielding marine microalgae
(Chlorella vulgaris, C. sorokiniana and C. pyrenoidosa)
under autotrophic and mixotrophic culture conditions in
custom designed media for production of lipid and
nutraceuticals. In addition, an electro flocculation
technique has been developed and optimized to harvest
biomass and extract lipid and nutraceuticals from marine
microalgae.

Marine Microbial Biotechnology

Isolation and culture of deep sea microbes iz situ
conditions for novel bio-molecules production are
scientifically challenging issues. To achieve success in this
attempt, development of deep sea high pressure sampler,
high pressure and low temperature serial dilution system
and fermentors are of paramount importance. So far more
than 200 novel deepsea microorganisms were isolated
from water and sediment samples collected from 1000-
2000 m depth of the Arabian Sea, Bay of Bengal and the
Andaman Sea. More than 150 deep sea microorganisms
are identified by partial sequencing of 16S rRNA gene.
Two species of deep sea bacteria and one fungus were
successfully cultured under high pressure and low
temperature fermentor system up to 200 bar pressure for
production of bioactive compounds. An anti-fungal
(griseofulvin) and an anticancer (spirobenzofuran
derivatives) compounds producing deep sea fungus
Nigrospora sp. was identified. A low molecular weight
(<6KD) broad spectrum anti-microbial peptide
producing deep sea bacteria, Bacillus subtilis was also
characterized from the deepsea environment. Two strains
of fungus Purpureocillium lilacinum were found to
produce an anti-oxidant extracellular polysaccharide and
an antifungal (4-methyl-5-thiazoleethanol) and an
anticancer (5-pyrazine derivatives) compounds. An
extracellular glutaminase-free L-asparaginase producing
marine actinobacteria, Nocardiopsis alba and lipopeptide
surfactant producing sponge associated Bacillus
licheniformis were isolated from A & N Islands. In
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High Pressure serial dilution system and fermentor

Acinetobacter sp. isolated from 2000m depth marine sediment

addition, a novel consortium of deep sea microbes was
developed for biodegradation of complex hydrocarbons.

Open Sea Cage Culture

Large scale fish production through mariculture is the only
alternative to cope up with the ever increasing demand
for fish proteins. Towards addressing this issue, design and
development of sea cages with mooring systems suitable
for Indian seas are essential components for the
demonstration of open sea cage culture of commercially
important marine finfishes. A successful demonstration
was made by developing and deploying 9m dia HDPE
cages with multipoint mooring in Kothachathram
(AndhraPradesh), Olaikuda (Tamil Nadu) and North Bay
(Andaman Islands) representing open sea, semi-protected
and fully protected environments, respectively. The
concept of nursery rearing of marine finfish fingerlings in
sea cages was introduced and demonstrated with seabass
seeds of 6 g size with 90 % survival and 24 g weight gain
over a period of 45 days. The culture of marine finfishes,
such as the Asian scabass (Lates calcarifer), cobia
(Rachycentron canadum), pompano (Trachinotus blochi),
milkfish (Chanos chanos), giant travelly (Caranx igonobilis)
and blue-barred parrot fish (Scarus ghobban) was

successfully demonstrated.

Sea bass harvested — Kothachatram

Development of potential drugs from the ocean

Under this activity, it is aimed to isolate and identify novel
bio-molecules with potential pharmaceutical activity from
marine organisms. The project entails collection and
identification of marine organisms, extraction and
screening of samples for medicinal properties, isolation of
active molecules, synthesis and conduct of clinical trials
and development of drugs from the pure molecules. So
far 759 macro flora (294) and fauna (465) were collected
from the sea around the A & N Islands and screened. The
testing conducted in the laboratory revealed the presence
of a flavanoid glycoside (Excoecaria agallocha), hexane-
1,2,3,4,5,6-hexol (Sonmneratia alba) and 3-(4-
Hydroxyphenyl)-2-propenoic acid (Avicennia marina)
compounds with promising bioactivity.

Ballast water treatment and testing

To address the Ballast Water Management problem, OSTT
is in the process of establishing a Ballast Water Treatment
Technology - Test Facility (BWTT-TF) in accordance
with International Maritime Organization (IMO)
guidelines. A sophisticated analytical laboratory for the
analysis of the Ballast Water treatment parameters has
been established at ESSO - NIOT and the exercise for
acquiring NABL (National Accreditation Board for
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Sample collection by SCUBA diving

Soft coral Sinularia sp.

Testing and Calibration Laboratories) as per ISO/IEC
17025:2005 were completed. The ballast water treatment
and test facility is proposed to be developed in the NIOT
seafront facility at Vagarru villages in Nellore district of
Andhra Pradesh. Thessite is in close proximity to the river,
Swarnamukhi, Bay of Bengal and Buckhingham canal in
the north, east and west, respectively. The site is selected
as specified for the inlet water quality in G8 guidelines of
IMO. The facility is expected to be commissioned for
testing Ballast Water Treatment Technologies developed
by various manufacturers by 2015.

Advanced methods for biofouling control

ESSO - NIOT and the Bhabha Atomic Research Centre,
Kalpakkam, are jointly working on Advanced Methods
for Biofouling Control with the objectives to develop
advanced physical (acoustic and electric pulse based)
methods for biofouling control in pipelines and on heat
exchanger surfaces. Screening, isolation, purification and
characterization of novel environment friendly antifouling
compounds from marine organisms (microbes,
invertebrates and other eukaryotes), testing of new
antifouling techniques for seawater cooling systems using
the Biofouling Test Loop Facility and assessment of the

Ballast water treatment testing facility — Schematic view

Biofouling in shell and tube heat exchangers

ecotoxicological effects of present and upcoming
antifouling techniques using appropriate test organisms
in experiments involving laboratory assays and mesocosms
are also being undertaken.

Monitoring of pollution around Port Blair and
Wandoor Bays

It is is a multi-institutional project to continuously
monitor the health of sea in around the Port Blair and
Wandoor Bays. The major objective of the programme is
to conduct periodic coastal cruises and collect scientific
data on the physicochemical and biological parameters of
sea water and sediment samples from the coastal ocean of
the A & N Islands. Continuous observation is being
carried out since 2002 through quarterly sampling
coveringall 8 major prevailing seasons duringlow and high
tides.

Development and deployment of artificial reefs and
oceanic fish aggregating devices

The OSTI group developed and deployed artificial reef
structures successfully in three places, Penthakata,
Chandrabhaga and Balinolcha along the Odisha coast for
the Department of Fisheries, Government of Orissa,
utilizing the fund received from the United Nations
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Congregation of grouper in
Artificial Reef

FAD Deployment at off
Chidiatappu A&N

Devevelopment Programme. The post deployment survey
of artificial reef structures revealed large congregation of
grouper and other reef fishes in the vicinity of artificial
reef structures. The reef supports the traditional fishers
and discourages trawling thereby protecting the turtles and
their nesting grounds. The group has also successfully
developed and deployed 28 FADs in Lakshadweep and
10 FADs A & N Islands. The FADs act as fishing banks
that reduce the travel time, fuel cost and enhance the fish
catch.

Island resource information system and marine
environmental impact assessment

The developmental programmes to be undertaken in the
islands necessitate striking a balance between ecology and
resource use. The island resource information programme
is primarily focused on the development of Geographical
Information System (GIS) based island-wise resource
inventory to provide a powerful platform to integrate
multiple resource information in the form of multi-layered
Geo-database. This will help the resource managers and
policy makers to evaluate the natural resources in a holistic
manner through a user-friendly and interactive interface
to take appropriate decisions for various developmental
activities in the islands. It can also be used as a powerful
tool to synthesize all the data, for comprehensive
interpretation and forecasting of marine environmental
ecosystems and biodiversity of the islands.

Peel Island - DEM

Key accomplishment of OSTI during the past few
years

> Isolated more than 200 marine microalgal strains from
the coastal and oceanic waters of Indian main land,
Andaman and Nicobar Islands and Lakshadweep and
screened for them biomass, lipid and nutracueticals
production.

» Designed, developed and tested Continuous Flow
Bubble Column Reactor, Tubular Photobioreactor
and solar powered paddle wheel operated Raceway
system for mass culture of microalgae and
standardised outdoor mass culture of three high lipid
yielding marine microalgae, Chlorella vulgaris, C.
sorokinianaand C. pyrenoidosa.

» Developed and optimized electro flocculation
technique for harvesting biomass from large scale
marine microalgae culture.

Isolated and identified more than 200 novel deep
sea microorganisms from water and sediment
samples collected from 1000-2000 m depth of the
Arabian Sea, Bay of Bengal and the Andamn Sea.

Antifungal and anticancer compounds
(griseofulvin and spirobenzofuran derivatives)
producing deep sea fungus Nigrospora sp. and low
molecular weight (<6KD) broad spectrum anti-
microbial peptide producing deep sea bacteria,
Bacillus subtilis were successfully cultivated in
high pressure and low temperature fermenter
system up to100 bar pressure.

The marine fungus Purpureocillium lilacinum
which produce an anti-oxidant extracellular
polysaccharide, an antifungal(4-methyl-5-
thiazoleethanol) and an anticancer (5-pyrazine
derivatives) compound, was isolated from
1000 m depth.

Coral coverage - PongiBalu
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ANCOST Laboratory Facility

Isolated a novel extracellular glutaminase-free L-
asparaginase producing marine actinobacteria,
Nocardiopsis alba and a lipopeptide surfactant
producing sponge associated Bacillus licheniformis
from the Andaman Sea. The surfactant
production was increased three fold over that of
the original strain by recombinant DNA
technology.

Developed novel consortia of deep sea microbes
(Ruegeria sp., Oceanobacillus sp., Neisotobacter
sp., Photobacterium sp., Pseudoalteromonas sp.,
Ruegeria sp., Exiguobacterium sp. Enterobacter
sp., Haererchalobacter sp., and Acinetobacter sp.,)
for biodegradation of complex hydrocarbons.

Developed and deployed 9m dia HDPE cages
with multipoint mooring in Olaikuda (Tamil
Nadu), Kothachathram (Andhra Pradesh) and
North Bay (Andaman Islands) and Successfully
demonstrated cage culture of marine finfishes
such as the Asian Seabass (Latescalcarifer), cobia
(Rachycentroncanadum),Pompano
(Trachinotusblochii), Milkfish (Chanoschanos),
Parrot fish (Scarusghobban) and the Giant
Travelly (Caranxigonobilis).

The concept of nursery rearing of marine finfish
fingerlings in sea cages was introduced and
demonstrated with sea bass seeds of 6 g size with
up to 90 % survival and 24 g weight gain over a

period of 45 days.
Developed and deployed 750 artificial reef

structures in three places namely Penthakata,
Chandrabhaga and Balinolcha along Orissa coast
for Department of Fisheries, Government of
Orissa.

SCUBA diving training at North Bay

Developed and deployed 28 FAD in
Lakshadweep group of Island and 10 FADs
Andaman and Nicobar Islands

Facilities

Sophisticated state-of-art analytical laboratory at NIOT
Chennai: Ocean Science and Technology for Island at
NIOT Chennai houses various laboratories like,
microalgal, micro biology, molecular biology,
biochemistry, cell culture, ballast water treatment and
testing, seawater chemistry, and isotope handling facility.
These laboratories are equipped with state-of-the-art
sophisticated equipments, such as HPLC, GC, GC-MS,
FTRI, TOC Analyzer, NIR, Fast
Chromatography, Beta and Gama counters, Fluorescent,
UV/Vis Spectrophotometer, ELISA Reader, Gel
documentation system, Gradient and Real Time PCR,
Cryo microtome, ultra centrifuge, industrial sonicator,
Lyophylizer, high pressure fermentor, photobiorector,
water purification systems, Phase contrast, Fluorescent up-
right and inverted microscopes, Atomic Force Microscope,
Scanning Electron Microscope, etc to carry out cutting
edge research in the field of marine biology, molecular
biology and biotechnology.

Column

Field station cum marine biological laboratory at Port
Blair: Andaman and Nicobar Center for Ocean Science
and Technology for Island is field cum marine biological
laboratory situated in sprawling 20 hectares campus
encompassing 16 hectares aquaculture demonstration
farm, and 2500 square meters of administrative cum
laboratory complex at Minnie Bay, Port Blair. The center
is has seawater intake facility, jetty, FRP OBM boats,
various types of sampling, SCUBA diving equipment’s,
and advance analytical equipment’s and laboratory for
carrying out cutting edge research in marine biology.
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Water and Steam Chemistry Division (BARC)

Water and Steam Chemistry Division, a constituent
laboratory of the Chemistry Group, Bhabha Atomic
Research Centre, Mumbai, was established in 1984 at
Kalpakkam to support the large and expanding nuclear
power program in the country. This research laboratory
has a mandate to support the nuclear power plants by
studying the different problems arising out of reaction of
high temperature water and cooling water with structural
materials in the reactor coolant systems of various types
of nuclear power reactors. The R&D activities of this
division are directed towards the following major
objectives:

» To reduce radioactivity build-up on reactor system
surfaces

» To improve integrity of the structural materials of
coolant systems

» To understand and mitigate the biofouling problems
in cooling water circuits

The division has a mix of researchers from different
disciplines such as chemistry, biology and engineering.
Currently, programs being pursued in chemistry include:

» Process development for reducing radiation field
(chemical decontamination process)

» Development of novel ion exchange resins for selective
removal of radioactive cobalt

» Development of coatings with nano-ferrites and

ZrO2

» Chemistry of gadolinium, a neutron poison, under
radiation

» Optimization of chemistry of Advanced Heavy Water
Reactors (AHWR)

» Flow Accelerated Corrosion of carbon steel

» Electrochemical studies to understand the corrosion
behavior of reactor structural materials

The major programs in biology include:
» Development of novel biofouling control methods
» Microbial corrosion and its prevention

» Development of antimicrobial and antibiofilm
materials/ composites

» Development of biofilm-based bioremediation
technologies

» Environmental effects of thermal discharges into the
sea

The laboratory is equipped with state of art equipments
such as X-Ray Photoelectron spectrometer, Confocal
Raman Spectrometer, Inductively Coupled Plasma-
Atomic Emission Spectrometer, Atomic Absorption
Spectrometer, BET Surface area Analyzer, Mossbauer and
UV-Visible Spectrophotometer, Atomic Force
Microscope, Gamma Chamber, electrochemical
instruments, Confocal Laser Scanning Microscope, Gas
Chromatograph, HPLC, Epifluorescence microscope,
Musselmonitor etc.

The R&D activities of this division are aimed at improving
operational reliability and safety in water-cooled reactors
in India with ALARA (as low as reasonably achievable)
as the guiding principle. The Division operates several
engineering loops to simulate the pressure, temperature
and other operating conditions of the primary, secondary
and tertiary coolant circuits of nuclear power plants, to
carry out simulated experiments and demonstrate the
applicability of various control regimes to power reactors.
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Biofouling and Biofilm Processes Section

The activities of this section are focused on 1) fundamental
studies on biofilm development, 2) understanding and
control of biofouling and biocorrosion in power plant
cooling water systems, 3) development of novel
antimicrobial and antibiofilm methods for industrial and
biomedical applications, 4) development of biofilm based
bioremediation technologies and 5) understanding and
mitigation of environmental effects of thermal discharges
into the sea.

|. Bioremediation

The objective of the R&D activities in this programme is
to develop technologies that make use of biofilm-based
processes for treatment of wastes

Granular biofilm sequencing batch reactors (SBR) for
treatment of concentrated nitrate bearing effluents

High strength nitrate wastes are generated during different
stages of nuclear fuel cycle. These wastes need to be treated
before the effluents can be discharged to the environment.

Biological denitrification is an attractive option for
removal of nitrate containing wastes. Highly efficient
mixed microbial biomass in the form of granular biofilms
(self-immobilized microbial consortia), capable of
denitrifying high strength nitrate-bearing synthetic waste,
was developed using bench-scale SBRs. Complete and
stable denitrification of nitrate (up to 24,000 mg/LNO,)
has been achieved in 6-liter volume SBR using acetate as
electron donor. During long-term SBR operation, the
effluent levels of NO,-N and NO,-N (<10 mg/L)
remained well below discharge limits. Results demonstrate
that granular biofilm based SBRs can be used for efficient
denitrification of high strength nitrate-bearing wastewater.

Self-sustaining granular biomass for bioremediation

Microbial granules are highly promising biomass for
bioremediation because of their unique properties such
as high biomass retention, resilience to shock loading and
tolerance toxic substrates. But maintaining the granules
and using them for reductive remediation requires energy
input in terms of reduced carbon source, which adds to

Fig. 1: a) Six litre SBR used for cultivating denitrifying
granular biofilms; b & c) morphology of granular biomass. Scale bar =1 mm.

Fig. 2. Phototrophic microbial granules developed in laboratory bioreactors
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the cost. We have developed self-sustaining granules (SSG)
that can potentially circumvent this issue. The self-
sustaining granular biomass involves incorporation
photosynthetic elements such as microalgae and
cyanobacteria into granular biomass, such that they can
fix their own carbon and thereby provide energy for
sustaining the heterotrophic consortium. Furthermore,
incorporation of algae and cyanobacteria add to the
metabolic diversity of the granular biomass, thereby
enhancing the diversity of applications of microbial
granules.

Sulphate bioremediation using photosynthetic
bacterial consortium

Sulphuric acid is widely used in many metal mining
industries. Effluents with low pH and high sulphate
(15,000 ppm or more) concentration (known as Acid
Mine drainage, AMD) are to be treated before discharge
to the environment. Presently, a major part of the AMD
is treated chemically using soda lime and selective
precipitation of sulphate. A major drawback of the
chemical treatment process is generation of sludge, which
requires large space for storage. An alternative treatment
methodology is being developed using Sulfate Reducing
Bacteria (SRB). SRB activity can convert sulphate to
sulphide, resulting in its precipitation as metal sulphides.
Asan innovative modification, we have incorporated green
sulphur bacteria (GSB) into the process. GSB is a group
of phototropic bacteria which convert sulphide to
elemental sulphur using sunlight to fix carbon dioxide
(non-oxygenic photosynthesis). In this modified process,

Fig. : Bioreactors showing the growth of SRB (left), mixed
growth of SRB plus GSB (middle) and GSB (right). Provision of
red light enhances GSB growth.

sulphate is reduced to sulphide by SRB and then the
contents enter into a second reactor where suphide is
oxidized to elemental sulfur by the GSB in presence of
light. The operation is carried out in a column-type
photobioreactor. The advantage of this process is complete
conversion of sulphate to elemental sulphur. More
recently, we have conceptualized a single reactor process,
where SRB and GSB will be grown as a consortium. In
this process, SRB will convert sulphate to sulphide; during
this process carbonate is generated as a byproduct. GSB
will utilize sulphide as the electron donor and carbonate
will be fixed as organic carbon using light. During this
conversion sulphide will be precipitated as elemental
sulphur, a commercially valuable product.

1. Novel Antifouling Techniques

The objective of this programme is to develop antifouling
technologies with minimal residual toxicity and low
environmental impact

Biocatalytic polymer coating for biofilm control

Implant related infections are considered serious
complications of surgery and are often very difficult to
manage. Medical implants (catheters, stents, intrauterine
devices, etc.) placed inside the human body provide ideal
surfaces for bacterial colonization and biofilm formation.
A biocatalytic polymer based antibacterial coating was
developed keeping in mind 1) controlled and sustained
delivery of antibiotic and 2) predicted lifetime of the
coating. The polymer was impregnated with a polymer
degrading enzyme and an antibiotic (Gentamicin, GS).
The composite was prepared by partitioning the enzyme
and antibiotic between water and organic phase, resulting
in a hydrophobic complex, which was soluble in the
polymer base. The action of the enzyme leads to controlled
degradation of the polymer, resulting in steady and
sustained release of the antibiotic. In vitro drug release

Fig A. Part of a Foley catheter with and without polymer (lipase
gentamicin impregnated polymer, LGIP) coating. B.
Antibacterial action of LGIP against test isolates.
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studies demonstrated sustained release of GS from the
polymer coating throughout its lifetime. By modulating
the enzyme concentration in the coating, it was possible
to vary the lifetime of the coating from 33 h to 16 days.
The polymer exhibited antibacterial properties against E.
coli, Pseudomonas aeruginosa and Staphylococcus aureus.
Foley urinary catheters coated with the polymer exhibited
sustained in vitro release of GS. The results suggest that
the antibiotic-plus-enzyme-loaded polymer can be used
as tunable self-degrading antimicrobial coating on
catheters and other implant materials.

lll Biofouling and Biocorrosion

The objective of this programme is to understand and solve
biofoulingand biocorrosion problems faced by the utilities
in their cooling water systems

Biofouling in the cooling water systems of seawater-
cooled power plants

The status of biofouling in the CWS system power plants
is evaluated during maintenance shutdowns. The study
attempts to compare fouling loads observed during
consecutive surveys to understand the efficacy of
treatment strategies. Biofilm (slime) growth on condenser
tubes of power plants leads to significant decrease in heat
transfer efficiency. Studies are carried out usinga dynamic
seawater flow-through facility (Biofouling Test Loop
Facility) created at Kalpakkam, to develop novel biocide
dosing regimens for condenser slime control. Efficacy of
continuous and intermittent dosing of advanced biocides
such as chlorine dioxide is investigated. It was observed
that chlorine dioxide dosingleads to substantially reduced

Fig . Cypris larvae of the fouling barnacle Balanus reticulatus

formation of trihalomethanes in the condenser effluents
reaching the sea, thereby reducing the environmental
footprint of the power plants. Larval forms of major
fouling organisms such as barnacles are reared in the
laboratory and used for studying the effects of varying
environmental conditions (biocide levels, substratum
characteristics, external electrical stimuli etc.) on
settlement and metamorphosis. A Mosselmonitor is used
to study the valve movement patterns of the green mussel
(Perna viridis) in response to chlorination, to devise low
level biocide dosing regimes.

Microbial corrosion

Significant corrosion losses in various industries worldwide
are attributed to microorganisms. Microbes generally
thrive in the conducive environment of cooling water

Fig . Microbial corrosion caused by iron oxidizing bacteria in the fire water system of a power plant
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systems. The microbes and their metabolic products can
deteriorate the materials used in the cooling circuit.
Heterogeneous colonization of microorganisms on metal
surfaces can generate corrosion potentials almost as large
as those generated between incompatible metals. As the
corrosion process advances, attached microbiota
propagates and infests the entire cooling system.
Commonly, five categories of corrosion causing bacteria
are recognized viz., iron oxidizing, sulphate reducing,
sulphur oxidizing, nitrate reducing and the exopolymer
(slime) producing bacteria. Sulphate reducing bacteria are
the single most common causative organism of corrosion,
constituting 50% of all instances of biocorrosion failures.
Current studies aim at characterization of the microbes
(attached and planktonic), their metabolites and corrosion
product profiles. Based on a thorough understanding of
these, control strategies are designed for prevention of
microbiologically induced corrosion (MIC) in cooling
water systems of power plants.

Microbial diversity in cooling water systems

Combination of classical culture-based and molecular-
based techniques is used to study the bacterial diversity in
the cooling water systems of power plants, giving special
emphasis to sulphate reducing bacteria (SRB). Microbial
whole genome extraction of the various water samples and
SRB diversity analysis using group-specific primers have
been done using nested PCR and DGGE. The nested
PCR approach used in this study was found to be suitable
for bacterial diversity analysis. In addition, microbiological
assay of water samples and carbon steel coupons exposed

online in the service water system of power reactors are
routinely carried out. Total acrobic heterotrophic bacteria,
iron oxidizing bacteria and sulphate reducing bacteria are
analysed before and after biocide treatment for monitoring
the efficacy of the treatment programme.

IV. Molecular Level Studies on Biofilms

The objective is to understand the molecular aspects
involved in the development of biofilms and to use that
knowledge to manage biofilms present in industrial and
environmental settings.

Molecular studies of biofilm associated protein (Bap)
in Staph. aureus

Biofilms are complex matrix-embedded microbial
communities growing attached to surfaces or at other
interfaces. Generally, the process of biofilm development
proceeds through a set of discreet stages. A mature biofilm
has a matrix consisting of polysaccharides, proteins and
extracellular DNA. Recent studies suggest that a group of
surface proteins plays a leading role during the
development of the microbial communities. The first
member of this group of proteins was described in a
Staphylococcus aureus and was named Bap, for biofilm-
associated protein. Bap is a large, multi-domain, cell
surface-anchored protein, playinga crucial role in the early
stages of biofilm development.

Work carried out in the last couple of years shows the
important role of biofilm-associated protein (Bap) in S.
aureus biofilm development. Work was started with the

Figure: Confocal study of proteinase K-mediated dispersal of S. aureus V329 biofilm



in-silico analysis of protein that indicated the presence EF-
hand domain. It was found that Ca** modulates the S.
aureus biofilm architecture and topography in a dose-
dependent manner. To evaluate the putative Bap-mediated
cell to cell interaction, cloning of the full bap gene in E.
coli hasbeen accomplished. Work was started with the iz-
silico analysis of protein that indicated the presence EF-
hand domain. It was found that Ca?* modulates the S.
aureus biofilm architecture and topography in a dose-
dependent manner. The dominant role of biofilm-
associated protein (Bap) in S. aureus biofilm development
prompted us to investigate Bap as a potential target for
proteinase-mediated biofilm dispersion. Use of proteinase
Kresulted in the dispersal of S. aureus biofilm. This study
also established that antibiotics in combination with
proteinase K can be used for controlling S. aureus biofilms
in whose development Bap surface protein has a major
role. Bap protein could be a potential target for therapeutic
control of S. aureus infections.

Earlier studies showed that the presence of bap gene and
its homologues was restricted to bovine mastitis. Of late,
the presence of the bap gene has been reported in human
nosocomial infections. The biofilm mode life of S. aureus
enhances its recalcitrance and enables the bacterium to
survive antibiotic assault. This also imposes a challenge to
host defence mechanisms and antimicrobial therapy.
Biofilm dispersal is a natural process that allows bacterial
cells to leave biofilm and migrate to a more favourable
environment for resettlement. However, during this
transition phase, bacteria lose the advantages of the biofilm

XX

mode of life and become relatively more susceptible to
antimicrobial agents.

V. Environmental Effects of Condenser Discharges
into the Sea

The objective is to understand and mitigate environmental
issues emanating from the discharge of heated effluents
from power plants into coastal marine environments

Entrainment effects on planktonic organisms

Power plants abstract large amounts of water for condenser
cooling. In direct, once-through systems, the water is
discharged back into the recipient water body after its use.
Phyto- and zooplankton entrained into the cooling water
circuits of coastal power plants are subjected to significant
changes in temperature, pressure and flow velocity.
Because of this, they may suffer damage, including
mortality. There is a need to quantify such losses and find
ways and means of reducing them. Earlier, the laboratory
has played a central role in coordinating a multi-
institutional project on thermal ecology studies at power
plant effluent sites. More recently, experiments are carried
out usinga mesocosm facility to study the effects of short-
term changes in temperature and presence of antifouling
biocides on planktonic organisms. In addition, a new
research programme has been initiated to assess the
environmental effects of antifouling biocides released
through the condenser effluents on marine organisms
using biomarker approach.

Fig . Results of comet assay to study genotoxicity of antifouling biocides to the marine phytoplankter Chaetoceros
lorenzianus. Control (left) and treated (right) cells are shown.
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Preface: DAE Solid State Physis Symposium (Diamond Jubilee Year)

It is an immense pleasure to present the proceedings of the Solid State Physics Symposium 2015,
the diamond jubilee year event, held at Amity University UP, Noida, Uttar Pradesh during December 21-
25, 2015, which is being published online by the American Institute of Physics. The symposium is fully
sponsored by the Board of Research in Nuclear Sciences (BRNS), Department of Atomic Energy (DAE)
and is being organized successfully for several decades and this symposium is the 60" in the series, the
diamond jubilee year. This year 763 contributory papers were selected out of 1307 papers that were
extensively reviewed by a expert scientists from all over the country. There were 41 thesis and 10 young
achiever award presentations and three awards were given in each category.

The venue for 60™ DAE-Solid State Physics Symposium 2015 was Amity University UP, Noida.
There was an overwhelming response of around 950 registered participants from all over the country. The
local hospitality ensured a pleasant stay for all the participants. Scientific sessions were held in time and
the plenary talk and invited talks covered diverse topics which are of importance to concurrent scientific,
technological, bio-medical, energy, nuclear and advanced material research. There was a plenary talk on
first day with titled, “Condensed Matter Phenomena under High Pressure: Some Insights ”. There were two

evening talks on first as well as second day of this memorable event, titled (i) “‘Importance of Materials
in a Knowledge Economy” and (ii) Material Science: a Mythological Perspective” respectively,to add
extra dimensions to the scientific deliberations.

The topics covered in this symposium through 49 invited talks, 24 oral presentations and over 800
poster presentations were (a) Phase Transitions, (b) Soft Condensed Matter including biological systems,
(c) Nano-materials, (d) Experimental Techniques & Devices, (e) Glasses & Amorphous Systems, (f)
Surfaces, Interfaces & Thin Films, (g) Electronic Structure & Phonons, (h) Single Crystals, (i) Transport
Properties, (j) Semiconductor Physics, (k) Superconductivity, Magnetism and Spintronics and (1) Novel
Materials. The 11 thematic seminars on potentially of interest to solid state and condensed matter scientific
communities which included topics Applied matreirlas , Thin Films/polymers, lon beasm Processing/
Accelertaor Based Solid State Physics, Topological Insulator &Nano- Magnetics, Carbon Based materials,
Nano& novel materials , Photonics & Meta materials and Physcis Under extremes and Theoretical Solid
State. Apart from these there were two panel discussions 1) Neutron Science Researches and Synchrotorn
Science Researches.The symposium as a whole provided a very interactive scientific platform for meeting,
discussion and reviewing of the scientific works by students, young and senior research scientists.

On this occasion, we are very grateful to members of the National Advisory Committee and the
National Organizing Committee for their continued valued support and guidance in organizing this
symposium successfully. We sincerely thank Dr. S.M. Sharma , Director, Physics Group, BARC, for his
valuable suggestions and support throughout the symposium. Our hearty thanks to the local convener
Dr.Ajay Gupta and his colleagues and students, whose enthusiasm, dedications and commitment ensured
successful organization of the symposium at Amity University UP, Noida. We are grateful to Mr. S. Manoj
Singh of Scientific Information Resource Division, BARC and Mr. Nayan Khandor and Mr. Aamyant Singh
from M/s Fiveonline Solutions Pvt. Ltd. for their support in creating and maintaining the symposium
website. Our special thanks are due to the review coordinators and reviewers to spare their valuable time to
evaluate the manuscripts. We gratefully acknowledge all the volunt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>